Past research demonstrates a phenotypic relationship between childhood maltreatment and adult health problems. Explanations of this association usually point to either: (a) a direct causal link, whereby exposure to early stress disrupts biological functioning during sensitive periods of development; or (b) an indirect effect operating through socioeconomic attainment, poor health behaviors, or some other pathway leading from childhood to adulthood. The current study examined whether the association between childhood maltreatment and adult health reflects genetic or environmental mediation. Using a large sample of adult American twins, we separately estimated univariate biometric models of child maltreatment and adult physical health, followed by a bivariate biometric model to estimate genetic and environmental correlations between the two variables. We found that a summary count of chronic health conditions shared nontrivial genetic overlap with childhood maltreatment. Our results have implications for understanding the relationship between maltreatment and health as one of active interplay rather than a simple cause and effect model that views maltreatment as an exogenous shock.
Previous research reveals that childhood is a sensitive period of development, and that major insults during this time, such as malnutrition, family violence, and chronic poverty, may have lasting effects on physical health, even into later life (Hayward & Gorman, 2004; O'Rand & Hamil-Luker, 2005 ). In particular, child maltreatment is associated with many adult health problems, including chronic illness, functional limitations, and low self-rated health (Greenfield, 2010; Greenfield & Marks, 2009a; Springer et al., 2003) . Extant evidence suggests that various forms of abuse exert a direct, long-term influence on adult health (Felitti et al., 1998; Greenfield, 2010) ; additionally, the influence of abuse on many specific health conditions is mediated through pathways such as smoking (Springer, 2009) , diet (Greenfield & Marks, 2009b) , and lowered sense of personal control (Irving & Ferraro, 2006) .
Though the descriptive associations between childhood adversities and adult health are compelling, the reasons for these relationships remain a matter of considerable investigation and debate (Bengtsson & Boström, 2009; Yi et al., 2007) . For instance, some studies imply direct, long-term effects of early misfortune -sometimes conceptualized through; "biological embedding"; mechanisms (Shonkoff et al., 2009 ) -while other scholars emphasize the need to identify the many possible intermediary pathways connecting early experiences to adult health (e.g., O'Rand & Hamil-Luker, 2005; Springer, 2009; Springer et al., 2003) .
One unexamined possibility is that childhood maltreatment is related to adult physical health because there are genes that directly influence both adult health and vulnerability to experiencing child maltreatment. That is, there may be evidence of gene-environment correlation (rGE) or an empirical association between 'genetic differences and differential environmental exposure' (Johnson, 2007, p. 424) . Genetic factors can influence what environments people are exposed to, making those environments, in turn, heritable (Jaffee & Price, 2007) . Genetic endowment for exposure to abuse could reflect a link between abuse perpetration and victimization, such that families pass down the proclivity towards aggressive behavior. If irascibility and violence have a genetic contribution, exposure to child abuse would be, in part, the outworking of an inauspicious intergenerational cycle (Barnes et al., 2013; DiLalla & Gottesman, 1991; Hines & Saudino, 2002) .
Susan C. South, Markus H. Schafer and Kenneth F. Ferraro There are three types of rGE (Jaffee & Price, 2007; Plomin et al., 1977) that have different implications for maltreatment and health. First, genes can be correlated with people's environments passively, when the same heritable vulnerability influences both a parent's tendency to parent in a certain way and children's likelihood to behave in a certain way (Schulz-Heik et al., 2010) ; for instance, parents' genetically influenced traits (e.g., parental impulsivity) both (1) create environments that the child experiences (e.g., abuse), and (2) are then genetically passed on to the child (e.g., child impulsivity, which may impact adult health). Active rGE occurs when people seek or create environments that correspond with their genetic propensities. If heritable factors (e.g., social-cognitive skills) give a developing child more or less foresight in de-escalating or escaping experiences of abuse and better or worse ability to achieve healthy behaviors, this would indicate an active form of genetic influence. Finally, rGE might be evocative, when a child's genetic profile evokes a response from their environment. A child may elicit harsh treatment from abuse-prone others as a result of a stress-inducing illness, disease, or disability. Active and evocative forms of rGE are both non-passive forms of rGE, reflecting a correlation between genetic characteristics of a person and their environmental exposures, and are indistinguishable in a standard twin study.
It is important to note that none of these possibilities imply that a child impels (nor deserves) maltreatmentsuch a claim would justifiably raise ethical concerns and be tantamount to 'blaming the victim' . Recognizing that genetic influences may be correlated with a phenotype of abusive experience, however, makes no normative claims and stands as an empirical question. Taking this perspective, although maltreatment is conventionally thought of as a wholly exogenous shock, it is in essence an interactional process (Belsky, 1980; Kadushin et al., 1981; Lloyd, 2013) , albeit one of power and domination. In a recent review, Lloyd (2013, p. 473) suggests that it is better to conceptualize abuse as 'cycles of aversive interaction' that are 'embedded in family patterns of coercion and control' rather than as a set of limited or singular experiences or as a label affixed to a given parent. These conclusions are informed by research observing actual interactional dynamics; for instance, some parents respond aggressively to undesired child behavior, which often evokes defiance or hostility from the child, which subsequently produces an escalation in punishment (Borrego et al., 2004; Parke, 1974; Patterson, 1979) . There is even burgeoning support from behavior genetics, as one study found evidence for a non-passive rGE between child maltreatment and child conduct problems, suggesting that maltreatment results from parents responding to genetically influenced conduct problems (Schulz-Heik et al., 2010) .
rGEs cannot be tested directly using univariate twin modeling, but they can be inferred by estimating the genetic correlation (rA) between two phenotypes, or observed variables. Univariate twin modeling in a structural equation modeling framework uses genetically informative family data to decompose the variance in a construct, like adult physical health, into the amount of variance due to additive genetic influences (A), common or shared environmental influences (C), or unique, non-shared environmental influences (E). When examining two or more phenotypes in a bivariate model, it is also possible to estimate whether there is overlap between the genetic influences on one variable (e.g., child maltreatment) and the genetic influences on the other variable (e.g., health). This overlap is estimated as a rA that ranges from -1 to +1, with evidence of genetic overlap suggesting the presence of non-passive (i.e., active or evocative) rGE.
It is also possible to examine environmental mediation between maltreatment and health. In the same way that the magnitude of genetic overlap between two variables can be calculated, correlations can be computed to determine the amount of shared (rC) and non-shared environmental (E) influences common to two phenotypes. Evidence of overlapping shared environmental influences (rC) would indicate either passive rGE or shared environmental influences that contribute to both maltreatment and health. Non-shared environmental overlap (rE) would reflect systemic non-shared environmental influences that contribute to both variables, or common sources of error (e.g., SchulzHeik et al., 2010) . Estimating genetic overlap requires some level of heritability for both child maltreatment and adult health conditions. Many aspects of 'physical health' have non-zero heritability (Komaroff, 1999) . Genetic effects are most obvious in the case of single-gene disorders, such as sickle-cell anemia and cystic fibrosis. Beyond these straightforwardly chromosomal pathologies, health outcomes such as selfrated health, body mass index, and comorbid chronic conditions (Johnson & Krueger, 2005a , 2005b Romeis et al., 2000; Stunkard et al., 1990 ) also demonstrate considerable estimated heritability -often between 30-70% in studies. Although many health conditions are commonly accepted as having some genetic basis, the heritability of childhood maltreatment may initially appear less apparent. However, studies have consistently documented that many putatively environmental or stressful events have significant heritability estimates (Kendler & Baker, 2007; Rowe, 1981) . Even exposure to seemingly exogenous stressors, such as financial strain, perceived neighborhood safety, and discrimination demonstrate evidence for moderate heritability, above 0.20 (Schnittker, 2010) . Researchers examined the genetic and environmental influences on both high risk (a summary index that included childhood abuse or neglect) and low risk (e.g., combat exposure or natural disaster) trauma and found that both were substantially heritable (60% for high risk vs. 47% for low risk; Sartor et al., 2012) . If genes have some bearing on whether children's dispositions are whiny, agitating, or recalcitrant -the type of characteristics that shape the sequence of ongoing child-adult interactions that may culminate in abusive outbursts (Collins, 2008, p. 140 ) -then it is reasonable to expect some heritability of abusive experience.
To our knowledge, there has been only one study to date to examine the genetic and environmental influences on childhood maltreatment as retrospectively self-reported by adult participants. Using the twin sample from the National Longitudinal Study of Adolescent Health (ADD Health), the authors found that a composite maltreatment score was primarily attributable to unique environmental effects (E = 0.66), with some evidence of the shared environment (C = 0.17) and twin-specific environment (T = 0.12) but only modest evidence of genetic influences (A = 0.06; Schulz-Heik et al., 2009 ). There was evidence of greater genetic influences when examining physical maltreatment (A = 0.28) and neglect (A = 0.24) separately, but the rAs among the different forms of maltreatment were negligible (e.g., rA for physical maltreatment and neglect = 0.01). The authors concluded that their findings suggested small genetically mediated child effects on physical maltreatment and neglect, but that most of the effects on child maltreatment can be explained by idiosyncratic family context.
In the current study, our goal was to extend this previous work by examining the associations between childhood maltreatment and adult health using bivariate biometric modeling in a sample of adult twins. We began by first estimating univariate heritability and environmental influences separately for childhood maltreatment and adult health, operationalized here as a summary count of chronic health conditions (see Johnson & Krueger, 2005a , 2005b ). Next, we examined possible mechanisms for the associations between childhood maltreatment and adult physical health. Parents endow their children with both traits and experiences that shape their life chances, and so our goal was to explore whether health problems and exposure to social adversity spring from a common genetic or environmental source. We used bivariate decomposition in order to estimate the overlapping genetic and environmental influences on maltreatment and health. A non-zero rA would indicate that genetic influences on the experience of maltreatment are shared with genetic influences on adult health (suggestive of a non-passive rA and genetic mediation), thereby challenging the assumption that maltreatment causes adult health problems. The presence of common shared environmental influences would indicate the presence of passive rGE or true shared environmental mediation. Overlapping non-shared environmental influences would indicate environmental mediation (or error), and would be the strongest evidence that maltreatment in childhood leads to adult health problems. By examining these questions, our goal was to illustrate how the major assumption embedded in studies of child maltreatment and health -that abusive experiences are a purely exogenous shock with lifelong consequences -may reach too far and ignore other possible etiological mechanisms.
Materials and Method

Sample
For the current study we utilized data from the MacArthur Foundation Survey of Midlife Development in the United States (MIDUS), a nationwide population study geared toward examining the interplay between physical health, psychological wellbeing, and the social environment. The MIDUS study sample consists of a nationally representative sample of individuals between the ages of 25-74 years in the non-institutionalized civilian population of the continental United States. A twin subsample of the main MIDUS sample was collected by screening members of approximately 50,000 households with a telephone survey to determine whether an immediate relative was a twin (Kessler et al., 2004) . A total of 14.8% of the respondents who were contacted identified a twin relative; of those, 60% agreed to be contacted for study recruitment. Eligible twin pairs were invited to participate by recruiters from the Institute for Social Research at the University of Michigan. The final response rate for complete twin interviews (i.e., both members of the twin pair were contacted by an interviewer, agreed to participate, and completed a short zygosity screening questionnaire) was approximately 26%.
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A total of 1,914 individuals (957 twin pairs) participated in MIDUS data collection beyond the twin screener; we excluded individuals with missing or indeterminate zygosity information, as well as opposite-sex twin pairs, resulting in a sample of 1,386 individuals from 714 same-sex twin pairs. This sample included 672 complete twin pairs (164 monozygotic (MZ) male pairs, 186 MZ female pairs, 124 dizygotic (DZ) male pairs, and 198 DZ female pairs) as well as 42 singletons who were missing data on their co-twin.
Average age of the sample was 44.6 years (SD = 12.16, range 25-74), 57% of the sample was female, 7% of the sample was non-White, and 26% of the sample had at least a bachelor's degree. The twins in our sample are largely comparable to the excluded twins, though the latter were slightly less likely to be non-White (4% vs. 7%), slightly more likely to have a college degree (30% vs. 26%), and slightly older (mean = 45.56 vs. 44.63). Compared to the main (non-twin) random digit dialup MIDUS sample, the twin sample respondents used in our study were more likely to be White, slightly less educated, and slightly younger.
Measures
Zygosity. Twin zygosity was determined through the use of a self-report screener that assessed physical similarity (e.g., similarity of eye and hair color) and the degree to which others were confused about their identity during childhood. These types of questions generally are about 90% accurate at correctly classifying zygosity (Lykken et al., 1990 ) when validated against blood typing.
2 Adult physical health. Twin respondents participated in the full MIDUS survey (Kendler et al., 2000) , including TWIN RESEARCH AND HUMAN GENETICS two mailed self-administered questionnaire booklets and a computer-assisted telephone interview that lasted approximately 30 min. Health was assessed through a variety of measures, but our study focused on a summary count of chronic conditions. Previous research suggests that self-reports of chronic disease are highly valid for wellknown conditions with straightforward diagnostic criteria, though measurement error is higher for diseases with nonestablished diagnostic criteria (Colditz et al., 1986; Haapanen et al., 1997) . The score of chronic conditions was created by summing the number of the following 29 conditions the respondent had 'experienced' or 'been treated for' during the past year: asthma, bronchitis, or emphysema; other lung problems; arthritis, rheumatism, or other bone or joint disease; sciatica, lumbago, or recurring backache; persistent skin trouble; thyroid disease; hay fever; recurring stomach trouble, indigestion, or diarrhea; urinary or bladder problems; constipation; gall bladder trouble; persistent foot trouble; trouble with varicose veins; AIDS or HIV infection; autoimmune disorder; trouble with gums or mouth; trouble with teeth; high blood pressure; emotional disorder; alcohol or drug use problems; migraine headaches; chronic sleeping problems; diabetes or high blood sugar; neurological disorders; stroke; ulcer; hernia or rupture; and piles or hemorrhoids. Prior twin research with the MDUS data has also used this summary chronic condition measure (Johnson & Krueger, 2005a , 2005b . To handle the right-skew of the variable (skew = 1.86), a log10 transformation was applied before biometric modeling.
Childhood maltreatment. Maltreatment was operationalized with the Conflict Tactics Scale (CTS; Straus, 1979) , a list of events occurring during childhood that encompasses both physical and emotional forms of abuse. Respondents were asked to report how often their mother, father, brother, sister, or anyone else victimized them in the following ways: (a) emotional abuse -insulted or swore; sulked or refused to talk; stomped out of the room; did or said something out of spite; threatened to hit; smashed or kicked something in anger; and (b) physical abusepushed, grabbed, or shoved; slapped; threw something; kicked, bit, or hit with a fist; hit or tried to hit; beat up; choked; burned or scalded. Reports concerning these types of specific events are regarded as more valid than general recollections about childhood experiences (Hardt & Rutter, 2004) . Retrospective reporting, however, may lead to some underestimate of total maltreatment prevalence (Carlin et al., 1994) . Consistent with previous research, we identified frequent experiences as a particularly salient indicator of childhood maltreatment, dichotomizing 'often' and 'sometimes' reports versus reports that the actions occurred 'rarely' or 'never' (see Irving & Ferraro, 2006 , Schafer & Ferraro, 2013 Springer, 2009) . Previous research indicates that though CTS measures have acceptable validity, their internal consistency reliability is modest because they measure relatively rare events (Straus et al., 1998) . Thus, we use dichotomized indicators to enhance internal consistency (Straus et al., 1998) . To capture a cumulative toll of abusive exposure during childhood, we created a count of how many of the five potential perpetrators frequently abused the respondent emotionally (from 0 to 5) and physically (from 0 to 5).
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Data Analysis
The current study used biometric modeling with twin data to examine genetic and environmental contributions of variance to childhood maltreatment and adult health. As with all statistical modeling with the twin design, our analyses rested on certain assumptions: the assumption that twins can be generalized to the general population; that there is no assortative mating between parents of twins, which would result in DZ twins having genetic similarity greater than 50%; and the equal environments assumption, that the shared environments of MZ twins and DZ twins contribute equally to their resemblance (see Blokland et al., 2013 , for more details).
To obtain initial estimates of genetic and environmental influences on each phenotype, within twin pair correlations (i.e., the correlation between twin 1 and twin 2 on a health outcome variable) were estimated and compared for MZ (identical) and DZ (fraternal) twin pairs. Genetic influences are indicated when the MZ correlation is greater than the DZ correlation. If the MZ correlation is less than twice the DZ correlation, this suggests the presence of shared environmental influences. If the MZ correlation is less than 1.0, then we can assume that there are significant nonshared environmental influences on the phenotype (Plomin et al., 2008) .
Although twin correlations provide an initial estimate of the genetic and environmental influences on a trait, they do not allow for formal statistical comparison of alternative models. Thus, biometric model fitting (Neale & Cardon, 1992) was used to estimate the genetic and environmental influences on maltreatment and chronic conditions, as well as the genetic and environmental covariances between the two variables. Classic univariate twin modeling compares the covariances between identical twins, who share 100% of their genes, and fraternal twins, who share, on average, 50% of their segregating genes (those on which humans tend to differ), to decompose the variance in a trait (phenotype) into the amount due to additive genetic effects (A), shared environmental influences (C), or those factors that twins growing up in the same household share in common that act to make them more similar, and non-shared environmental influences (E), or those experiences that are unique to each member of a twin pair growing up in the same household. This univariate ACE model assumes the correlation between the A latent factors is fixed to 1.0 for MZ twins and 0.5 for DZ twins and that the correlation between the C latent factors is 1.0 for both types of twins. A full ACE model was 
FIGURE 1
A bivariate (Cholesky) decomposition for two phenotypes, child maltreatment and chronic conditions, shown for only one member of the twin pair. Factors A 1 (additive genetic), C 1 (shared environmental), and E 1 (nonshared environmental) account for all of the variation in childhood maltreatment and any of the variation in chronic conditions that is in common with maltreatment. Factors A 2 , C 2 , and E 2 account for any residual additive genetic, shared environmental and non-shared environmental variation in the risk for chronic conditions. compared to two reduced models: an AE model in which variance is attributed to additive genetics and non-shared environment, and a CE model in which no genetic variance is estimated. This univariate ACE model can be extended to a bivariate (Cholesky) decomposition, which estimates the ACE variance components unique to each phenotype as well as the extent to which common genetic and environmental factors impact both phenotypes. As shown in Figure 1 , variance in the dependent, downstream variable (i.e., chronic conditions) is partitioned into variance that overlaps with the independent variable (i.e., maltreatment) and variance that is unique to the dependent variable. The latent factors A 1 , C 1 , and E 1 contribute to the maltreatment and health variables, while A 2 , C 2 , and E 2 contribute to the health variable only. The unique factors (A 2 , C 2 , and E 2 ) represent any unique genetic or environmental effects on health that are independent of maltreatment, while the other paths represent genetic and environmental covariance between childhood maltreatment and health. Each path coefficient (e.g., a11, c11, e11) is a partial regression coefficient that indexes the strength of the latent factor on the phenotype. Standardized path coefficients can be squared and summed to obtain the total phenotypic variance; heritability (h 2 ) and commensurate estimates for shared and nonshared environment are proportions of total variance due to genetics, shared environment, and unique environment, respectively.
The bivariate model also provides estimates of the genetic and environmental correlations between the two variables. rA indexes the degree of overlap in the genetic influences on the upstream phenotype and the genetic influences on the downstream phenotype, and like any other correlation it ranges from -1 to +1. Similar types of correlations (i.e., overlap) are estimated for shared and non-shared environmental influences.
We first fit a full Cholesky decomposition with all possible parameters. The covariance parameters (a 21 , c 21 , and e 21 ) were dropped individually to examine the change in model fit. Biometric models were fit to the raw data in Mplus (Muthén & Muthén, 1998 using full-information maximum-likelihood (ML). Following standard procedures to correct for potential biases in model fitting, the raw childhood maltreatment variable and transformed health outcome variable were regressed on age, age 2 , age × gender, and age 2 × gender (McGue & Bouchard, 1984) , and the residuals from the regressions were entered into the biometric models. Model fit was evaluated using chi-square difference tests for nested models, the Akaike Information Criterion (AIC; Akaike, 1987) , and the root mean square error of approximation (RMSEA). The AIC statistic is an information theoretic fit statistic that enables one to select the model that best fits the data with the fewest number of parameters. Lower AIC values suggest better fitting models (Markon & Krueger, 2004 ). Hu and Note: N = 1,344. ACE refers to a model that includes additive genetics (A), common environment (C), and unique environment (E). AE includes additive genetic and non-shared environment only, and CE includes common and non-shared environment only. 2 = chi-square, df = degrees of freedom, AIC = Akaike's information criterion, RMSEA = root mean square error of approximation. h 2 , c 2 , and e 2 are the proportions of variance (and 95% CI) for genetic, common environmental, and non-shared environmental influences respectively. Bentler (1999) recommend that good fitting models have RMSEA ࣘ 0.06.
Results
Descriptive Statistics
On average, participants reported just over two chronic conditions (M = 2.19, SD = 2.36). The cumulative exposure maltreatment score ranged from 0 to 8, with a mean of 2.07 (SD = 2.09). Maltreatment was significantly correlated with number of chronic conditions (r = 0.15, p < .0001). The MZ twin correlation for the age and gender regressed maltreatment variable was 0.44 and the DZ correlation was 0.32; this suggested, as has been found previously for putatively environmental variables, that childhood maltreatment is genetically influenced. The MZ twin correlation for the transformed and age-and gender-regressed chronic health conditions variable was 0.43, while the DZ correlation was 0.19, again suggesting the presence of genetic influences on a summary count of chronic conditions.
Univariate Biometric Modeling
We first fit univariate models to the twin data to examine the proportion of variance attributed to genetic and environmental factors for chronic health and child maltreatment (see Table 1 ). Results for the three components of variance are presented as proportions, thus the total variance will sum to 1.0 for each variable.
For child maltreatment, removing genetic influences led to a decrease in model fit according to all indices. When shared environment was removed, there was a nonsignificant increase in chi-square and small increases in AIC and RMSEA. Given that the full ACE model provided the lowest chi-square, AIC, and RMSEA values, it was retained as the best-fitting model. For chronic health, removing genetic influences led to a significant decrement in model fit according to all indices, but when the shared environmental parameter was removed, chi-square did not change and AIC And RMSEA were both lower. The parameter estimates from the full ACE model for chronic conditions demonstrated moderate genetic (h 2 = 0.43) and unique environmental (e 2 = 0.57) influence. Confirming what the twin correlations suggested, childhood maltreatment demonstrated genetic influences (h 2 = 0.28 in the full ACE model). Given the relatively small sample size and reduced power to differentiate between the A and C effects, a full ACE bivariate decomposition was estimated for childhood maltreatment and chronic health (see below). Table 2 presents the results of model fit for the bivariate ACE Cholesky decomposition. We began with a full ACE bivariate model, and fit nested models in which the individual covariance parameters were dropped one at a time. It was possible to remove the A, C, and E covariance parameters 
Results of Bivariate ACE Model
FIGURE 2
Parameter estimates from the best-fitting bivariate (Cholesky) decomposition for child maltreatment and chronic conditions, shown for only one member of the twin pair.
individually without a significant drop in model fit, although a model that removed A and C was significantly worse than the full model. The model in which the C covariance parameter was dropped was chosen as the bestfitting model based on lowest AIC value and non-significant change in chi-square. The parameter estimates and 95% confidence intervals for the best-fitting model are given in Figure 2 . Table 3 presents the proportion of genetic and environmental variance in chronic conditions that is due to common influences with maltreatment and unique influences. As shown, genetic influences accounted for 43% of the total variation in chronic conditions, roughly equal to the heritability estimate from the univariate modeling. The estimate of shared environment was 0% and the standardized estimate for unique environment was 57%. In the best-fitting bivariate model, 10% of the total heritability of chronic conditions was shared with childhood maltreatment. Also shown in Table 3 are three parameters, rA, rC, and rE, which represent the correlation of genetic influences, shared environmental influences, and unshared environmental influences, respectively, between maltreatment and chronic conditions. For any given correlation, values approaching 1.00 indicate a greater overlap between the underlying influences on childhood maltreatment and that of chronic conditions. There was a moderate rA between childhood maltreatment and chronic conditions (rA = 0.32) and a small unique environmental correlation (rE = 0.08). The shared environmental correlation was not computed, as the best-fitting model dropped the shared environmental covariance.
Discussion
Childhood maltreatment is associated with a host of adult health problems, and current research is focused on assessing the breadth of this problem (Greenfield, 2010) and sorting out causal pathways that link early life experience with adult conditions (Springer, 2009 ). In the current study, we examined an unexplored area of inquiry: What is the magnitude of the genetic or environmental mediation between child maltreatment and adult disease? Previous research has demonstrated that social stressors such as financial strain, discrimination, and romantic dissolution, as well as childhood maltreatment and high-risk trauma, have at least moderate degree of heritability (Boardman et al., 2011; Sartor et al., 2012; Schnittker, 2010; Schulz-Heik et al., 2010) . The current study continues in this vein, examining the genetic and environmental influences on a measure of childhood maltreatment. We then extended the previous work by examining whether there were overlapping genetic and environmental influences between maltreatment and chronic health conditions in adulthood.
With regard to the genetic and environmental influences on health, the findings from the current analyses are in line with the previous work in this area. We found that the full univariate ACE model included non-zero heritability, suggesting genetic effects on a summary count of chronic health conditions. Prior investigators have reached similar conclusions concerning health outcomes (e.g., Poulsen et al., 1999, for diabetes; Snieder et al., 2003 , for hypertension) and for chronic conditions, also using the MIDUS sample, see Johnson and Krueger (2005a, 2005b) .
In the full univariate ACE model of child maltreatment, we estimated that nearly one third of the variation (28%) in exposure to child maltreatment was attributable to genetic influence. In a more parsimonious model that included parameters for genetics and non-shared environment only, the estimated heritability was even greater, 47%. Therefore, we feel confident in concluding at least a quarter of the variation in childhood maltreatment owes to genetic influence. This range is admittedly wide, but suggests that there is a non-ignorable genetic component of the phenotype. Our findings also compare favorably to the previous work in this area. Another study examining retrospective self-reports of maltreatment also reported a heritability estimate of 28% for physical maltreatment (from a homogeneity model collapsing across males and females), a one-item measure of being slapped, hit, or kicked (Schulz-Heik et al., 2009) . Thus, there is great consistency in heritability of maltreatment across these two studies, despite our sample being older and the fact that our measure of maltreatment included both physical abuse and emotional abuse by multiple perpetrators, and not just parents or primary caregivers.
Next, we turned to examining genetic and environmental mediation of the relationship between maltreatment and chronic health conditions. From the best-fitting bivariate model, there was evidence of a small to moderate rA between child maltreatment and chronic conditions. This is suggestive of non-passive rGE, or true genetic mediation between maltreatment and health outcomes. Finding overlap between genetic influences on childhood maltreatment and adult health suggests that the probability of acquiring many diseases has a genetic basis shared with the broad genetic propensity to experience high levels of physical and emotional abuse. Our findings are in line with work on trauma more broadly, which has found that high-risk trauma (including childhood neglect and physical abuse) has very high rAs with adult mental health (i.e., major depression and posttraumatic stress disorder; Sartor et al., 2012) . Of course, the accumulation of different physical health conditions (our chronic conditions variables, assessed broadly in the MIDUS, ranging from asthma to severe varicose veins) is shaped by a broad range of factors, including health behavior, exposure to risks, access to care, and so on, but some aspect of the genetic code also appears to influence individual-level scores on this disparate array of problems. MIDUS twins who were genetically predisposed to experiencing chronic conditions were also genetically influenced to experiencing maltreatment; one possibility is that another, genetically influenced trait or characteristic, such as lack of social skills or high levels of disinhibition/low levels of conscientiousness, place individuals at risk for both outcomes.
Our results, at least for this measure of health outcomes, suggest that the causal efficacy of child maltreatmentincreasingly conceptualized as 'a life-course social determinant of health' (Greenfield, 2010) -is complicated somewhat because some portion of that correlation reflects genetic confounding. Causal inference in the maltreatmenthealth relationship often treats childhood misfortune as an exogenous shock, which affects stress responses (Morton et al., 2012) or increases the probability of deleterious health behaviors (Greenfield & Marks, 2009a; Springer, 2009; Springer et al., 2003) . While there is certainly much truth to these explanations, our findings suggest that genetic explanations also deserve attention. If parents who pass along genes for health problems are the same parents who are more likely to abuse their children, then there is some built-in confoundedness in the link between child maltreatment and adult health unaccounted for by multiple pathway models (Springer, 2009) or current formulations of the stress process framework (Turner & Butler, 2003) . Studies that ignore genetic possibilities risk overstating the causal nature of childhood experiences. More importantly, however, the recognition of complex gene-environment interplay makes several demands of future research: studies should give careful attention to gene-environment interactions (e.g., how childhood maltreatment moderates broad genetic propensities) not only for distal health outcomes, but also for the intervening variables that link childhood maltreatment to adult disease (e.g., alcohol or drug use, social network acquisition).
There are many limitations of this study that lend caution to our interpretation of findings. First, a core assumption of behavioral genetics modeling is that the environments of MZ and DZ twins do not differ. If MZ twins were treated more similarly by household members than DZ twins due to physical appearance or personality, this would violate the equal environments assumption and could result in an overestimation of genetic effects (see Horwitz et al., 2003) . Violation of the equal environments might, however, result in the underestimation of genetic effects. As children, MZ twins might be more likely than their DZ counterparts to distinguish themselves behaviorally and to seek out distinct environmental experiences (see Kessler et al., 2004, pp. 135-136) . This scenario could occur if one twin took on the role of instigator or troublemaker, while another was more conflict-avoidant in the family microsystem. There is some evidence for this type of behavioral differentiation within families (Kessler et al., 2004) . Second, it is not possible to tease apart the type of non-passive, rGE (i.e., evocative vs. active) at play in the link between maltreatment and adult health using a twin study (Neiderhiser et al., 2004) ; future research might wish to utilize different methods to identify, for instance, the role of evocative versus passive rGE (Marceau et al., 2013) . Third, it is possible that there were gene × environment interaction effects that we did not account for, which could bias the genetic effects; future research should utilize biometric moderation models to examine whether genetic and environmental influences on health differ as a function of level of child maltreatment (e.g., Purcell, 2002) .
Finally, this study relied upon retrospective questions from childhood, and so we are not able to assert that MIDUS respondents reported the events as they actually happened. There is always the possibility of bias when relying upon retrospective designs, but the MIDUS investigators were careful to avoid using loaded words such as 'abuse' or 'adversity' in the survey. Rather, the questionnaire used questions from the well-validated Conflict Tactics Scale (Straus, 1979) . This approach was intended to minimize biases in recollection and reporting. Another potential issue is that people with particular personality characteristics, such as neuroticism or pessimism, or a history of depression, may be more inclined to recall unfavorable childhood experiences as well as over-report health problems. To the extent that personality traits are heritable, the apparent genetic commonality between childhood victimization and adult health could boil down to this factor alone. Supplementary analyses adjusted for neuroticism as a personality trait, but the major conclusions of the study were not altered. 4 In summary, findings from the current study suggest that there is a role for genes in both avoiding disease in adulthood and having previously avoided abuse during childhood. Avoiding disease is a central aspect of successful aging (Rowe & Kahn, 1997) . Those subjected to early trauma may be less likely to achieve this desirable adult status because of direct long-term health effects or through myriad intervening causal pathways; but, as this study indicates, such victims also must often contend with less advantageous genetic endowments.
Endnotes
1 The MIDUS, as a national population-based sample drawn from random-digit dialing, has a somewhat lower response rate compared to twin registries such as the Australian Twin Register (69%, Nelson et al., 2002) , the UK Adult Twin Registry (49%, Burri et al., 2011) , or the University of Washington Twin Registry (estimated at 21-38%, Afari et al., 2006) . 2 When twins were initially recruited into the MIDUS study, they were asked a series of questions to determine whether they were MZ/DZ. Scores were given based on the answers, and scores were used to classify twins as MZ or DZ. This was not confirmed with DNA in MIDUS; however, eight self-report questions that were assessed in MIDUS were also used in the Virginia Twin Registry, which did confirm zygosity with DNA. Logistic regression was conducted to predict zygosity based on molecular genetic classification of being MZ/DZ. 'Strong classification' (i.e., predicting the likelihood of being MZ was <10 or >90%) was obtained for 86% of the pairs. There were pairs that were unable to be classified using the questionnaire method, and they were excluded from the current study (as they have been from numerous other studies using the MIDUS twin data set). 3 In supplementary analyses we used alternative coding schemes for the abuse measures. We estimated models with chronic conditions as the outcome variable, and the following maltreatment variables: (1) a score that only included reports about perpetrating mothers and fathers, which was created by summing dichotomized indicators (sometimes/often vs. rarely/never) for physical abuse and emotional abuse (range: 0 = no abuse by either parent, to 4 = both forms of abuse by both parents); (2) separate dummy variables (yes/no) for maternal abuse and paternal abuse; and (3) a summary score that was the average (1-4 scale, 1 = never, 4 = often) across the five possible perpetrators for each of 15 items that included emotional, physical, and severe physical abuse. Substantive conclusions were generally unchanged from the main results presented in the text. In all cases, individual ACE covariance parameters could be removed from the full model without a significant decrement in fit, although removing A and C covariance parameters at the same time resulted in significantly worse fit for two of the four models (p = .009 for summed score across perpetrating mothers and fathers, p = .002 for average across all perpetrators) and close to significantly worse for the other two models (dad abuse only, p = .05 and mom abuse only, p = .06). For all possible coding schemes, results from the full model including all covariance parameters indicated a non-zero rA (range = 0.25-0.70) with small non-shared environmental correlations (range rE = 0.03-0.15). Full results are available from the first author.
4 We re-estimated our bivariate analyses with maltreatment and the chronic conditions health variable, but regressing out the personality trait of neuroticism from the chronic conditions variable before it was entered into the biometric model. Fit statistics indicated that any of the ACE covariance parameters could individually be removed from the full model (chi-square = 21.02, df = 17, AIC = 7,386) without a significant decrease in fit (e.g., when dropping A covariance, chi-square = 21.43, df = 18, chi-square = 0.41, df = 1, p = .52, AIC = 7,384); but, parameter estimates controlling for neuroticism (for chronic conditions, A = 0.41, C = 0, E = 0.59, rA = 0.18, rC = 0.99, rE = 0.07) were similar to parameter estimates not controlling for neuroticism (A = 0.43, C = 0, E = 0.57, rA = 0.30, rC = 1.00, rE = 0.08).
